Delirium, an acute decline in attention and cognition, occurs among hospitalized patients at rates estimated to range from 14% to 56% and increases the risk for morbidity and mortality. The purpose of this systematic review was to evaluate the effectiveness and safety of in-facility multicomponent delirium prevention programs. A search of 6 databases (including MEDLINE, EMBASE, and CINAHL) was conducted through September 2012. Randomized, controlled trials; controlled clinical trials; interrupted time series; and controlled before-after studies with a prospective postintervention portion were eligible for inclusion. The evidence from 19 studies that met
the inclusion criteria suggests that most multicomponent interventions are effective in preventing onset of delirium in at-risk patients in a hospital setting. Evidence was insufficient to determine the benefit of such programs in other care settings. Future comparative effectiveness studies with standardized protocols are needed to identify which components in multicomponent interventions are most effective for delirium prevention.
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THE PROBLEM
Delirium (also known as acute confusional state) is an acute decline in attention and cognition that constitutes a serious problem for older hospitalized patients and longterm care residents. Estimated hospital occurrence rates range from 14% to 56% and vary depending on the reason for hospitalization (for example, urgent surgery, intensive care, or general medical admission) and the patient's risk for the condition (1) .
Delirium is associated with an increased risk for death, postoperative complications, longer hospital and intensive care unit stays, and functional decline (1, 2) , and it presents a substantial burden in terms of short-and long-term health care costs. A study of 841 patients (aged Ն70 years) admitted to non-intensive care general medical units over a 3-year period at Yale-New Haven Hospital found that daily costs were more than 2.5 times higher for patients with delirium than for those without it. The total cost estimates associated with delirium ranged from $16 303 to $64 421 per patient, which the authors extrapolated to national costs ranging from $38 billion to $152 billion each year (1) . Because these estimates were based on data from 1995 to 1998, the costs would be even higher today. Accordingly, prevention of delirium is extremely important for improving patient outcomes and decreasing health care costs.
Evidence from risk-factor studies suggests that delirium has a multifactorial cause (more information on these studies appears in the full report, available at the Agency for Healthcare Research and Quality [AHRQ] Web site [www.ahrq.gov]). No 2 studies evaluated the same set of factors or found the same combination of significant factors associated with delirium. Age was the most commonly evaluated factor-58.8% of studies that evaluated age found it to be significantly associated with occurrence of delirium. Some studies may have lacked adequate power to find statistical significance, although this was clearly not the case in all studies that did not have a significant find-ing. Among studies that evaluated cognitive impairment or dementia, 84.6% found a significant association between this factor and incidence of delirium. Depression was found to have a significant association with delirium occurrence in only 40% of the studies that evaluated it as a potential risk factor.
Other patient-specific risk factors that showed a significant association with delirium in more than 1 study include male sex, multiple medications, comorbid conditions (for example, diabetes), pneumonia, various anesthetics, neuropsychiatric drugs (for example, benzodiazepines), anticholinergics, blood transfusions, abnormal serum chemistry (for example, blood urea nitrogen levels or creatinine levels), apolipoprotein E4, atrial fibrillation, heavy alcohol intake, volume depletion (dehydration), hypoxia, complications, restraints (rendering patients immobile), and visual impairment. Several studies evaluated patients having specific surgical procedures (for example, hip repair or replacement or cardiac surgery); some of these studies focused on surgery-specific risk factors (for example, blood transfusions or intraoperative anesthesia) and evaluated few nonsurgical factors.
Given the multifactorial nature of delirium, a patient safety strategy designed to assess and remediate multiple factors is considered likely to be effective for delirium prevention. The purpose of this systematic review was to assess the benefits and harms of multicomponent interventions, including system-level changes, that are designed to prevent delirium in hospitals, palliative care centers, and longterm care facilities.
PATIENT SAFETY STRATEGIES
Several delirium prevention programs consist of multifactorial intervention bundles. In general, the components of the bundle vary across each published evaluation, and the same bundle is rarely evaluated in more than 1 application. Therefore, the best that can be done is to describe the components most commonly included in bundles that have been found to reduce incident delirium. The most common components of successful bundles are shown in the Table. Additional components have been reported in successful multifactorial bundles. An intervention used for patients with hip fracture in a Swedish university hospital included increased physiologic monitoring, avoidance of delays in transfer through different areas of the hospital, daily delirium screening, and avoidance of polypharmacy (as well as several components from the Table, including extra nutrition, intravenous fluid supplementation, pain management, and perioperative or anesthetic period protocols) (3). A multifactorial intervention used for patients with hip fracture at another Swedish university hospital included treatment of sleep apnea, prevention and treatment of decubitus ulcers, and measurement of blood pressure along with components from the Table, although it is not clear that all of these components were specifically designed to prevent delirium (4).
The Hospital Elder Life Program (HELP), or modified versions thereof, has been evaluated in 3 studies (5-7). This program typically consists of 6 components: orientation, therapeutic activities, vision and hearing protocols, sleep enhancement, and early mobilization. Two studies (1 in the United States and 1 in Australia) used proactive geriatric consultation with targeted recommendations (several from the Table) based on a structured protocol (8, 9) .
REVIEW PROCESSES
We conducted a systematic review of 6 databases (including MEDLINE, EMBASE, and CINAHL) for 1999 to September 2012. A total of 673 titles were identified, of which 309 were reviewed in detail. The Supplement (available at www.annals.org) provides a complete description of the search strategies, an article flow diagram, and evidence tables. Randomized, controlled trials; controlled clinical trials; interrupted time series; and controlled before-after studies with a prospective postintervention portion were eligible for inclusion to address effectiveness and harms. Studies were required to have at least 20 patients per intervention group. Methods for assessing risk of bias and strength of evidence are described in the full report on the AHRQ Web site.
Of 309 studies retrieved from our literature searches and reviewed in detail, we identified 35 that addressed single or multicomponent interventions. Of these, 19 evaluated the efficacy of multicomponent interventions and are the subject of this review (see Table 2 of the Supplement). Most of these studies reported the incidence of delirium after the intervention compared with a control group of usual care patients treated concurrently or during a period immediately before adoption of the new intervention. Because few studies used the same intervention, comparison group, study design, or patient population, meta-analyses were not done.
This review was supported by the AHRQ, which had no role in the selection or review of the evidence or in the decision to submit the manuscript for publication.
BENEFITS AND HARMS

Benefits Hospital Inpatient Care
Two studies used HELP, and a third used a modification of HELP. One was a controlled before-after study with a concurrent control group consisting of patients from usual care units (7, 10) ; this study had a moderate risk of bias. The remaining 2 studies were before-after studies where the usual care group consisted of patients treated before implementation of HELP (historical control) (5, 6) ; these studies had a high risk of bias. All 3 studies found a substantial reduction in incident delirium after implementation of HELP compared with usual care. Although the findings of the studies were consistent, the average risk of bias was high, mainly because of lack of randomization and blinding.
Two studies used proactive geriatric consultation with targeted recommendations based on a structured protocol for patients with hip fracture. One was a single-blind, randomized, controlled trial with a usual care control group (8) , and the other was a before-after study with a historical usual care control group (9) . Both studies reported a reduction of incident delirium for the geriatric consultation group compared with the usual care group; however, the
Key Summary Points
Because delirium has multiple risk factors, multicomponent interventions targeting several risk factors represent promising patient safety strategies for delirium prevention.
Most of the evidence suggests that most multicomponent interventions are effective in preventing onset of delirium in at-risk patients in a hospital setting. These interventions do not seem to have significant associated harms.
The evidence is insufficient to identify which multicomponent interventions are most beneficial, and the studies do not address the question of which components within a program provide the most benefit for delirium prevention.
The evidence is insufficient to determine the benefit of delirium prevention programs in palliative care or longterm care settings.
Supplement In-Facility Delirium Prevention Programs as a Patient Safety Strategy findings from the randomized, controlled trial were no longer statistically significant after adjustment for baseline imbalances. The risk of bias for the studies was high and moderate, respectively. A nonrandomized, controlled study used an inpatient geriatric consultation team that made targeted recommendations (although a list of potential recommendations was not reported) to prevent delirium in patients with hip fracture. Although delirium incidence was lower in the intervention group, the difference in incidence rates did not reach statistical significance (28% vs. 44%; P ϭ 0.067). This study had a high risk of bias due to lack of randomization and a low adherence rate to inpatient geriatric consultation team recommendations (one third of recommendations was not implemented) (11) .
Of the remaining multicomponent studies (3, 4, (12) (13) (14) (15) (16) (17) (18) (19) (20) , all but 1 reported a statistically significant reduction in delirium by at least 1 measure in the intervention group versus the control group. The exception was a study of a system-wide quality improvement project (17) . A study of nurse-facilitated family participation reported substantially fewer patients with a diagnosis of delirium (defined as a score Ն4 on the Intensive Care Delirium Screening Checklist) in the intervention group but also no statistically significant between-group difference in mean scores; this study placed more emphasis on the latter measure (18) . Overall, the findings are consistent with those from studies of the HELP intervention, although the risk of bias was high-again, because of lack of randomization and blinding.
Palliative Care
One multicenter controlled trial assessed a multicomponent intervention intended to prevent delirium in patients with terminal cancer (21) . In this population, delirium stems from such risk factors as metastatic brain lesions, high opioid intake, and metabolic disturbances; these are not the typical risk factors found in the general geriatric population, which include older age, cognitive impairment, visual impairment, and multiple medications. Two centers (with 674 patients) implemented the intervention, and the remaining 5 centers (with 842 patients) performed usual care. The intervention involved training nurses to orient the patient each day, recognize risk factors for delirium, and send this information to physicians so that preventive actions could be taken (for example, changing medication). The closest family member was also educated by nurses on delirium and its symptoms, as well as American College of Physicians recommendations for avoiding symptoms of confusion in this patient population. Delirium symptoms were assessed by nurses using the Confusion Rating Scale. During the 3-year study, 49% of patients in the intervention group and 44% in the usual care group developed delirium; after adjustment for confounding factors, there was no significant between-group difference in incident delirium (odds ratio, 0.94; P ϭ 0.66). The risk of bias was high because of lack of randomization; inadequate blinding; and failure to obtain a systematic, formal diagnosis of delirium.
Long-Term Care
The single study done in a nursing home setting reported that homes randomly assigned to use pharmacistled Geriatric Risk Assessment MedGuide reports and automated medication monitoring plans had a significant reduction in delirium onset among newly admitted residents compared with those randomly assigned to usual care (22) . However, it is unclear how much of this is due to delirium prevention or resolution of new-onset delirium. Complications did not differ significantly between the groups.
Harms
Most trials of multicomponent delirium prevention programs have not reported any harms. However, it is not clear whether the possibility of harms was explicitly assessed in all of these trials. One study based on a structured quality improvement model reported 4 unexpected minor events (rectal or feeding tube displacement or removal that did not lead to any true complications) but no major complications (and no statistically significant difference compared with usual care, although the study lacked the statistical power to detect meaningful differences) (12) . One other study reported no statistically significant differences in total complication rates between intervention (50.4%) and usual care (53%) groups; this study was adequately powered to detect a meaningful difference in complication rates (3).
IMPLEMENTATION CONSIDERATIONS AND COSTS Structural Organizational Characteristics
Multicomponent delirium prevention programs have been successfully implemented in acute care hospitals (17 studies), palliative care centers (1 study), and nursing homes (1 study). Five of the acute care hospital studies were conducted in the United States; 3 in the United Kingdom; 3 in Sweden; and 1 each in Australia, Spain, Italy, Belgium, Chile, and Taiwan. Twelve studies were from academically affiliated urban hospitals, 2 were conducted in urban hospitals that were not described as teaching hospitals, 2 were set in community hospitals (in 1 study, the participating community hospitals were part of a larger health system), and the remaining study was set in a naval hospital. No studies have been reported from rural hospitals. The single study of palliative care was conducted in Canada, and the study set in nursing homes was done in the United States.
Existing Infrastructure
Only 1 study reported minimal information on patient safety culture at the organizational level. The authors stated merely that "SHS [Summa Health System] maintains a strong commitment to patient safety and quality" (17) .
External Factors
External factors or motivators were not mentioned in any delirium study.
Implementation
All multicomponent intervention studies provided at least minimal information about teamwork or leadership at the level of the unit where the intervention was implemented. Thirteen of 19 studies specifically identified the study leaders, and 17 of 19 studies identified the team members by job status (for example, nurses and geriatricians) or at least stated that all staff in the intervention ward or unit was part of the team. All of these studies reported multidisciplinary teamwork that included clinical experts, nurses, and other staff (for example, physical therapists or volunteers). One study reported minimal information on teamwork or leadership at the hospital level (17) .
Eight studies described multiprofessional implementation, 1 had the intervention performed by the ward staff, 1 involved ward staff plus physical therapists (during home visits), 1 involved ward staff plus ambulance workers, 1 involved unit staff plus volunteers, 2 involved the nursing staff only, 1 involved nursing staff plus consultant pharmacists, 2 involved nurses assisting family members with the intervention, and 1 involved elder life specialists plus volunteers.
Fifteen studies reported on staff education and training if this was part of the intervention, and 9 studies reported the persons responsible for implementation. Most of these studies reported that all staff involved in the implementation had some type of education or training. Thirteen studies reported the type of training, and only 4 reported the length of training.
Four studies reported a change in the implementation process due to local tailoring or an iterative process. Only 1 study reported that internal incentives were used to promote implementation (5) . Allen and colleagues published the only study that provided a table summarizing an actual implementation instrument (a scorecard used to track process and outcome variables) (17) .
Eighteen studies outlined the intended intervention and the general sequence in which the components were implemented; only 13 studies included enough detail to determine the roles of the various team members. Most studies generally described how the intervention was supposed to be implemented and did not describe any modifications or failures of adherence that might have occurred during the actual implementation. Only 2 studies actually measured adherence to targeted recommendations (8, 11) , respectively reporting adherence rates of 77% and approximately 67% for implementation of geriatric consultant recommendations for patients after hip fracture. Fifteen studies reported patient characteristics.
Although implementation of multicomponent delirium prevention programs has not been well-described in most studies, a few themes seem sufficiently consistent to report here. First, engagement of front-line clinical staff in the design of the intervention helps ensure that it will mesh with existing clinical procedures. Second, a multidisciplinary team comprising clinical experts, nurses, and additional staff is helpful for implementation of a complex intervention. Finally, education and training of clinical staff are necessary to help ensure that compliance does not wane over time.
Context
Two studies reported on the effect of context on outcomes. One study of an educational package for medical and nursing staff reported that it was effective at preventing delirium in hospitalized men but not women (12, 23) . A study of proactive geriatric consultation with target recommendations based on a structured protocol for patients with hip fracture reported a "trend" toward more effectiveness among patients without prefracture dementia or impairment in activities of daily living, but the differences were not statistically significant (8) .
One study assessed the somewhat related concept of patient adherence and its effect on outcomes of a multifactorial intervention (HELP). Based on a composite adherence score for the 3 components assigned to all patients (orientation, mobility, and therapeutic activities), increased adherence scores were associated with a reduction in delirium incidence rates (odds ratio, 0.69 [95% CI, 0.56 to 0.87]) (7) .
Costs
Two studies in the evidence base reported information on costs or cost savings associated with multicomponent delirium prevention programs. Rizzo (1995) (1996) (1997) (1998) at Yale-New Haven Hospital as $257 385 (personnel plus equipment). In a costeffectiveness analysis, they found that the intervention was cost-effective for patients at intermediate risk for delirium but not for patients at high risk (lack of effectiveness and higher overall costs). However, these findings may be due to inadequate power based on their relatively small sample size of higher-risk patients, leading to uncertainty in the results for this subgroup (24) . Rubin and colleagues (5) calculated that implementation of HELP at their hospital led to estimated cost savings of more than $2 million per year from prevention of delirium cases. In addition, more than $2.2 million per year of estimated revenue was generated by shorter hospital stays for patients without delirium.
DISCUSSION
Moderate-strength evidence suggests that most multicomponent interventions are effective in preventing onset of delirium in at-risk patients in a hospital setting. These interventions have not been reported to have important associated harms, although most studies did not explicitly assess this possibility. In general, successful delirium prevention programs involved a multidisciplinary team of clinical experts, nurses, and other staff (for example, physical therapists or volunteers) and included protocols for early mobilization of patients, volume repletion (for hydration and electrolyte balance), and addressing visual or hearing deficits; a few programs included elimination of unnecessary medications. Other components reported in more than 1 study included staff education, geriatric consultation, therapeutic cognitive activities or orientation, extra nutrition, sleep enhancement, pain management, anesthesia protocols, supplemental oxygen, assessment of bowel or bladder functions, and prevention and treatment of medical complications.
This review has several limitations, the most notable of which is that most of the included studies were rated as having a high risk of bias due to lack of randomization and blinding, as well as other shortcomings. Although a few studies were rated as having a moderate risk of bias, none of the studies was considered to be at low risk of bias. In addition, although the findings of benefit were consistent across most studies, the heterogeneity of multicomponent interventions and the low number of studies evaluating each specific intervention preclude identifying a particular program as being the most beneficial, and these studies do not address the question of which particular program components are most beneficial. Finally, the evidence was insufficient to determine the benefit of delirium prevention programs in palliative care or long-term care settings.
Future comparative effectiveness studies with standardized protocols are needed, particularly to identify which components in multicomponent interventions are most effective for delirium prevention. Identification of the most effective bundle of components might encourage hospitals to adopt a more standardized approach to delirium prevention.
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